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ABSTRACT
Reverberation mapping (RM) is one of the most efficient ways to investigate the broad-line region
around the central supermassive black holes of active galactic nuclei (AGNs). A common way of
performing the RM is to perform a long term spectroscopic monitoring of AGNs, but the spectroscopic
monitoring campaign of a large number of AGNs requires an extensive amount of observing time of
medium to large size telescopes. As an alternative way, we present the results of photometric RM
with medium-band photometry. As the widths of medium-band filters match well with the widths of
AGN broad emission lines, the medium-band observation with small telescopes can be a cost-effective
way to perform RM. We monitored five nearby AGNs with available spectroscopic RM results showing
days to weeks scale variability. Observations were performed for ∼3 months with an average of 3 days
cadence using three medium-band filters on a 0.43 m telescope. The time lags between the continuum
and the Hα emission line light curves are calculated using the JAVELIN software and the discrete
correlation function. We find time lags of 1.5-15.9 days for these AGNs, which are consistent with the
time lags derived from previous spectroscopic RM measurements. This result demonstrates that even
a 0.5 m class telescope can perform RM with medium-bands. Furthermore, we show that RM for tens
of thousands AGNs is possible with a dedicated 1 m class telescope.
Keywords: AGN, black hole, mass, medium-band, reverberation mapping, time lag
1. INTRODUCTION
Reverberation mapping (RM) is known to be an im-
portant way to investigate the structure and kinemat-
ics of the broad-line region (BLR) around the central
supermassive black holes of the active galactic nuclei
(AGNs; Blandford & McKee 1982; Peterson 1993). Ac-
cording to the AGN unification model (Antonucci 1993;
Urry & Padovani 1995; Peterson 1997), the accretion
disk around the central black hole is responsible for
the thermal continuum emission in the ultraviolet and
optical. On the other hand, the broad emission lines
(BEL) arise from the recombination in clouds that are
sufficiently far from the central engine (light days to
years), and these clouds are called the BLR clouds.
When the accretion disk activity varies due to a rea-
son (e.g., increased amount of infalling gas), it takes
time for the effect to reach BLR, and hence a time lag
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in the variation between the continuum and the BEL
occurs. Then, the time lag can tell us the distance
between the central accretion disk to BLR. Once the
BLR size is determined, the masses of the supermassive
black holes can be measured from the size and the ve-
locity width of the BEL. RM studies have enabled black
hole mass (MBH) measurements for hundreds of AGNs.
From such studies, the correlation between the BLR
size and the continuum luminosity has been established,
which then resulted in MBH estimates for hundreds
of thousands of AGNs (Kaspi et al. 2000, 2005, 2007;
Peterson et al. 2004; Bentz et al. 2006, 2009, 2010, 2013;
Denney et al. 2010; Kim et al. 2010, 2015; Grier et al.
2012, 2017; Du et al. 2014, 2015, 2016, 2018; Barth et al.
2015; Hu et al. 2015; Jun et al. 2015; Shen et al. 2016;
Fausnaugh et al. 2017; Li et al. 2017; Lira et al. 2018).
The common way of performing RM is to do a long
term spectroscopic monitoring. Through the spec-
troscopy, one measures the velocity width and the line
intensity variation directly from the observed spectra
that are taken over the course of months to years.
Then, the time lag of the continuum and the line in-
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tensity can be directly inferred. However, spectroscopic
RM requires an extensive amount of observing time of
1-3 m telescopes (Kaspi et al. 2000; Bentz et al. 2009;
Shen et al. 2016), and therefore it is difficult to perform
on a large number of AGNs (> 100).
To overcome the shortcomings of the spectroscopic
RM, purely photometric RM has successfully been per-
formed adopting broad-bands only or a combination of
broad-, medium-, and narrow-bands (Haas et al. 2011;
Pozo Nun˜ez et al. 2012, 2013, 2015; Chelouche & Daniel
2012; Chelouche et al. 2012; Edri et al. 2012; Hernitschek et al.
2015; Jiang et al. 2016; Zu et al. 2016; Zhang et al.
2018). Such a technique opens up a possibility of per-
forming the RM of more than thousands of AGNs at
once, even using a moderately sized telescopes. In its
simplest form, the photometric RM uses two bands
or more. One covers the wavelength where a BEL is
located, and another covers the wavelength where no
strong emission line exists. For example, Haas et al.
(2011); Pozo Nun˜ez et al. (2012, 2013, 2015) observed
a few AGNs using sets of a broad-band and a narrow-
band. The broad-band is for the continuum flux and the
narrow-band traces the BEL. Their time lag measure-
ments agree with results from spectroscopic RM. The
use of the narrow-band is advantageous for increasing
signal-to-noise ratio (S/N) from an emission line, but a
narrow-band can cover a very limited redshift range of
the AGN emission lines.
On the other hand, RM with broad-band filters can
cover an emission line over a wide range of redshifts. The
broad-band based RM has been tried on a few AGNs ini-
tially (Chelouche & Daniel 2012; Chelouche et al. 2012;
Edri et al. 2012; Zu et al. 2016), and more recently to
a few hundred quasars in the Sloan Digital Sky Survey
(SDSS) Stripe 82 field with ∼ 60 epochs over a ∼ 10
year period (Hernitschek et al. 2015). One problem of
the broad-band RM approach is that broad-bands are
often too broad to observe only the continuum with-
out contamination by a BEL. Also, the emission lines
are often too narrow in comparison to the width of the
broad-band filter, and the contrast between the contin-
uum and the line is difficult to measure. Zhang et al.
(2018) show that the line flux to continuum flux ratio
should be 6 % or larger for the broad-band RM to be ef-
fective. To overcome these problems, Jiang et al. (2016)
used a combination of broad-band and medium-band
with the band widths of 180-264 A˚ which are several
times narrower than typical broad-band filter widths.
They observed 13 AGNs at z = 0.2-0.4, and detected
time lags in 6 AGNs. The results agree with the BLR
size-luminosity relation.
The above examples show the usefulness of a broad-
band or medium-band RM approach. However, purely
medium-band based RM with multiple medium-bands
can be even more powerful. Multiple medium-bands
can cover multiple BELs over a wide range of redshifts
(Kim et al. 2019). The medium-bands can limit con-
tamination from BELs while sampling a fair amount of
continuum flux to trace the continuum variation accu-
rately. The medium-band is matched reasonably well
with FWHMs of typical BELs. For example, for an
Hα with FWHM = 3000 km s−1 at z = 0.3, the ob-
served line width corresponds to 85 A˚, comparable to a
medium-band width within a factor of a few, which is
helpful for increasing the line flux to continuum ratio.
The use of a medium-band also opens a possibility of
using small telescopes for AGN RM.
To verify the usefulness of the medium-band photo-
metric RM through a comparison with spectroscopic
RM results, we used three medium-bands on a 0.43m
telescope to monitor five nearby AGNs that have been
studied previously with spectroscopic RM. In section 2,
we describe the target AGNs, the system used for the
observation, and the observation campaign. Section 3
explains the analysis of the data and the light-curve
analysis. We estimate the AGN variability based on
the light curve in section 4. In Section 5, we present the
time lag measurements and how they compare with pre-
vious works. Finally, we end the paper with discussion
for future prospects and the conclusion of this study.
2. SAMPLE AND OBSERVATION
For the medium-band photometric RM, we used the
Lee Sang Gak Telescope (LSGT; Im et al. 2015) and its
imaging camera, SNUCAM-II (Choi & Im 2017). LSGT
is a 0.43 m diameter telescope located at the Siding
Spring Observatory (SSO). The SNUCAM-II camera
has a suite of ∼50.0 nm width medium-bands covering
the wavelength range of 400 to 1050 nm.
For our targets, we selected AGNs that have been
studied using the Hα emission line for RM at low red-
shifts (z < 0.02), since Hα is the strongest emission line
and easy to monitor with the small telescope. Addition-
ally, we imposed a requirement that the time lag is less
than 2 weeks so that we can obtain results from sev-
eral months of monitoring campaign. With the above
criteria, we select five nearby AGNs, Mrk 1310, NGC
4593, NGC 4748, NGC 6814, and NGC 7469 from
Peterson et al. (2004, 2014) and Bentz et al. (2010). Ta-
ble 1 shows the basic properties of our target AGNs,
along with the observation summary for each target.
We observed these targets using three medium-bands,
m625 (596.2-658.7 nm), m675 (643.3-712.0 nm), and
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Table 1. List of the monitored AGNs.
Name R.A. Decl. V mag Redshift Epochs Average Time Spacing Monitoring Start-End
Mrk 1310 12:01:14.3 -03:40:41.1 15.89a 0.019 28 3.0 days 2017.05.02 - 07.24
NGC 4593 12:39:39.5 -05:20:39.2 13.15a 0.008 29 3.4 days 2017.04.30 - 08.07
NGC 4748 12:52:12.5 -13:24:52.8 14.03a 0.014 33 2.8 days 2017.05.15 - 08.15
NGC 6814 19:42:40.6 -10:19:25.5 14.21a 0.005 53 2.0 days 2017.05.04 - 09.10
NGC 7469 23:03:15.7 +08:52:25.3 12.34b 0.016 32 3.3 days 2017.05.11 - 09.02
aVe´ron-Cetty & Ve´ron (2010)
bGil de Paz et al. (2007)
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Figure 1. SDSS spectrum of Mrk 1310 and transmission curves of the medium-band filters used in this study. As shown here,
m675 covers the Hα emission line and the others cover the continuum.
m725 (693.6-754.8 nm). Figure 1 shows the filter trans-
mission curves of these medium-band filters. As shown
in the figure, m675 covers the Hα emission line and the
others cover the continuum. We took five frames of 5
minutes exposure time in each band at each epoch. We
tried to observe the targets every night. One day ca-
dence observation was possible for patches of extended
periods, but because of the weather condition and the
Moon distance restriction, the average observational ca-
dence was about 3 days. Typical seeing was 2.′′0 to 4.′′0.
and poor weather condition made it worse to be ∼ 5.′′0.
The basic data reduction procedure (bias subtrac-
tion, dark subtraction, and flat-fielding) was performed
with an automatic pipeline as soon as the data were
taken. Astrometric solution was found using the As-
trometry.net software (Lang et al. 2010), which returned
astrometric solutions to a 0.′′34 rms accuracy. Then, we
used the SWarp software (Bertin et al. 2002) to combine
the five images of 5 minutes exposure to make a single
epoch image.
3. MEDIUM-BAND PHOTOMETRY AND LIGHT
CURVE
When comparing aperture photometry results at dif-
ferent epochs, difference in seeing conditions systemat-
ically biases the photometry result. Therefore, we con-
volved all the epoch images with a Gaussian kernel to
make them to have a common seeing FWHM = 3.′′8 to
5.′′3 (object-dependent). To exact the flux of the central
AGNs, SExtractor (Bertin & Arnouts 1996) was used
with a 12.′′0 diameter aperture which corresponds to 2-
3 times of the seeing FWHM of the convolved images.
Figure 2 shows the images of the five AGNs, and the
size of the aperture, demonstrating that the aperture
excludes most of the host galaxy light.
For the photometric calibration, we used magnitudes
of stars in the AAVSO Photometric All-Sky Survey
(APASS) catalog (Henden et al. 2016). However, the
APASS catalog provides B, V, g, r, and i magnitudes
only. To obtain the photometry zero-point of each
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Figure 2. The images of the five AGNs in m675. The red circle indicates the 12.′′0 aperture that we used to measure the AGN
flux.
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Figure 3. Comparison between the spectra and the
medium-band photometry (squares with error bars) of NGC
7469 and Mrk 1310. The horizontal line of each point shows
the width of the medium-band filter.
medium-band image, we first identified photometric ref-
erence stars from the APASS catalog as stars that are
brighter than 15 mag in each broad-band and within
10′ away from the target AGN. Then, we searched for
the stellar spectral energy distribution (SED) template
among the stellar SED templates of Gunn & Stryker
(1983) that best fits the five broad-band magnitudes of
each photometry reference star. Only the SEDs that re-
turn the reduced χ2 values less than 10 are adopted to
derive the medium-band photometry zero-points. Then,
applying the transmission curve of each medium-band,
we calculated synthetic medium-band magnitudes of the
selected stars, and used them for measuring magnitude
zero-points (see also Choi & Im 2017 for more details on
this procedure). Typically, 10-70 stars were used to de-
rive the photometric zero-points in each band. The zero-
point errors were derived from the rms dispersion of the
zero-points from these stars, and a typical zero-point
error is found to be 0.01 mag. To verify that the de-
rived medium-band photometry traces the emission line
feature in the spectrum well, we compared the photo-
metric result with available spectra of our targets. Fig-
ure 3 shows the spectra of NGC 7469 (Kim et al. 1995)
and Mrk 1310 (Abolfathi et al. 2018) along with the
medium-band photometry data points. For the medium-
band photometry in this case, we used a 3.′′0 diameter
aperture to be consistent with the aperture size of the
SDSS spectrum (for Mrk 1310) or be close to the spatial
extraction window of the long-slit spectrum (for NGC
7469). As in the figure, the medium-band photometry
traces well the spectral shape around Hα for both Mrk
1310 and NGC 7469. There is a small constant offset
between the medium-band data and the spectrum for
NGC 7469, but this can be attributed to the long term
variability of the AGN or a mismatch in the aperture
between the medium-band and the long-slit spectrum.
We employed differential photometry to construct the
light curve (Kim et al. 2018). For this, bright stars
(< 15 mag in all the medium-bands) that are not near
the edge of the image are selected as comparison stars.
After differential photometry between the comparison
stars, those with a relatively large magnitude variation
(> 0.01 mag) are removed from the list of the compari-
son stars. By subtracting the light curves of the AGNs
from the light curves of the comparison stars, differential
light curves of each AGN are obtained. For the contin-
uum flux at m675, we simply take the average of the
m625 and m725 fluxes. Then, the Hα flux is obtained
by subtracting the continuum flux from the observed
m675 flux. The continuum and the emission line light
curves are shown in Figures 4 and 5 for all the target
AGNs and a comparison star. The flux scale of the light
curve is set to be the flux at the first epoch of the obser-
vation. In Table 2, we provide light curves of five AGNs
in machine-readable format.
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Table 2. The continuum and the Hα emission line light curve of five nearby AGNs.
Name MJD m625 m675 m725 Continuum flux Hα flux
(1) (2) (3) (4) (5) (6) (7)
Mrk1310 57875.5431 15.0886 ± 0.0079 14.7209 ± 0.0062 14.8894 ± 0.0085 0.4269 ± 0.0053 0.1090 ± 0.0036
Mrk1310 57876.3990 15.0775 ± 0.0165 14.6971 ± 0.0116 14.9046 ± 0.0170 0.4262 ± 0.0107 0.1234 ± 0.0069
Mrk1310 57884.4938 15.1511 ± 0.0153 14.8072 ± 0.0115 14.9636 ± 0.0138 0.4029 ± 0.0089 0.0933 ± 0.0063
Mrk1310 57888.5552 15.1283 ± 0.0110 14.7662 ± 0.0083 14.9526 ± 0.0106 0.4106 ± 0.0068 0.1071 ± 0.0047
Mrk1310 57889.5500 15.1502 ± 0.0107 14.8038 ± 0.0156 14.9385 ± 0.0192 0.4089 ± 0.0101 0.0880 ± 0.0086
Notes. (1) AGN name, (2) Modified Julian Date of observation, (3)-(5) AB mag, (6) the 675 nm continuum flux in
10−25 erg s−1 cm−2 Hz−1 (observed frame) and its error, (7) Hα flux in 10−25 erg s−1 cm−2 Hz−1 (observed frame) and
its error
(This table is published in its entirety in the machine-readable format. A portion is shown here for guidance regarding
its form and content.)
4. AGN VARIABILITY
We examined the variability of the five AGNs to make
sure that they were variable during our observation pe-
riod. This was done by the χ2 test (Kim et al. 2018).
Here, the χ2 value is defined as
χ2 =
∑
i
(mi− < mi >)
2
(σi)2
(1)
where i denotes each epoch, mi and σi are the mag-
nitude and its error at the epoch i, and < mi > is
the magnitude averaged over all the epochs. The re-
sults of the χ2− test, the excess variability (given by√
m2
rms
− < σi >2, where mrms is the rms of the light-
curve magnitudes and < σi > is the average magnitude
error over all the epochs), and the peak-to-peak (p-to-p)
variability in each band are given in Table 3. In the ta-
ble, the reduced χ2 is indicated, which is χ2 divided by
the degree of freedom (the number of data points minus
1). The χ2− test result shows that all of the AGNs are
variable in all of the three medium-band filters at 99.9%
confidence level.
5. RESULT: MEDIUM-BAND BASED TIME LAGS
We used two different ways to measure the time lag
between the continuum and the Hα emission line light
curves of the AGNs, the JAVELIN software (Zu et al.
2011, 2016), and the discrete correlation function (DCF;
Edelson & Krolik 1988). The JAVELIN software mod-
els the continuum light curve using damped random
walk (Kelly et al. 2009) for AGN variability. Then, the
continuum light curve is scaled, smoothed and displaced
in time and flux to the emission line light curve to find
the best-fitting time lag. This procedure is repeated at
least 10,000 times by the Markov chain Monte Carlo
method to derive many plausible time lags. From the
time lag distribution, we identify the time lag that gives
the peak value of the distribution as the most probable
time lag. The time lag 1σ limits are determined to be
the upper and lower limits from the most probable time
lag value that encompasses 68% of the time lag distri-
bution. The best-fit light curves for the most probable
time lag from JAVELIN are plotted in Figures 4 and 5,
along with the observed light curves. Also, the lower
panels of Figure 6 show the time lag distribution from
JAVELIN for each target with a 0.2 day bin. The peak
value of the distribution is normalized to 1.
Another method we tried is DCF, which is developed
for analyzing unevenly sampled time-series data. For
the DCF analysis, we assumed that the time lag to be
0-50 days, adopting a prior information on the expected
time lag. Similarly to the JAVELIN case, many trials
are made to search for time lags. The result of the DCF
analysis is plotted in the upper panels of Figure 6 for
the calculation using a 1 day interval.
Note that we did not detrend the light curve for
the above analyses (Welsh 1999; Grier et al. 2008;
Peterson et al. 2014), because the long term variation
of our light curves is rather modest.
We find that the measured time lag from two dif-
ferent methods are broadly consistent with each other.
However, the JAVELIN results show much clearer peaks
than the DCF results. Therefore, we adopt the result
from the JAVELIN measurements as the time lag of the
Hα emission line. In Table 3 and Figure 7, we com-
pare our results with the time lags from previous stud-
ies. Also, correlation coefficient between the two time
lag measurements is calculated as 0.93, which means
our results and the previous results are consistent with
each other. Details on the time lag of each target are
described below.
6 Kim et al.
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Figure 4. The continuum (upper panel) and the Hα emission line (lower panel) light curves of five AGNs and of a sample
comparison star (the black squares and the error bars). The blue solid lines are the best-fit light curves from JAVELIN, and
the filled regions are the uncertainties of the best-fit light curves.
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Mrk 1310 It has the shortest time lag among five
targets. The peak of the DCF is 1 day and the JAVELIN
result shows a broad lag distribution. Ignoring the weak
second peak and using the lag distribution less than 18
days we find the time lag of 1.5+8.2
−3.3 days. The large
error is not surprising, considering our average sampling
interval of 3 days. In comparison, Bentz et al. (2010)
find the time lag between Hα and the V -band continuum
is 4.5+0.7
−0.6 days. Their time lag result with respect to B-
band continuum is also of order of 4.6+0.7
−0.6 days. Our
time lag is consistent with the Bentz et al. (2010) result
within error.
NGC 4593 For NGC 4593, the DCF shows a peak at
3 days. Similarly, the JAVELIN lag distribution shows
a narrow peak at 3.3+0.4
−0.2 days with the very sharp distri-
bution. Peterson et al. (2004) found a time lag of 3.2+5.6
−4.1
days, in agreement with our result. Along with NGC
6814, this object shows the strong variability among our
sample, and we believe that this is why the JAVELIN
distribution has a narrow peak.
NGC 4748 The peak value in the DCF of NGC 4748
is 12 days. From the JAVELIN analysis, we find 11.9+5.3
−2.6
days using the time lag distribution from 0.05 to 22.0
days. It shows the smallest magnitude variations among
five AGNs. Contrary to the result of NGC4593, the
small variability makes the time lag uncertainty larger
(discussed in section 6). However, the result is consistent
within uncertainty with the previous measurement of
10.8+3.1
−3.1 days by Bentz et al. (2010).
NGC 6814 Unlike others, the DCF of NGC 6814
shows a clear trend, but a peak seems not to be defined
well with a double peak at 4 days and 16 days. On the
other hand, JAVELIN lag distribution is sharp with a
peak at 9.7+0.4
−0.4 days. It is close to the mean value of
double peak in DCF. The time lag of NGC 6814 from
Bentz et al. (2010) is 9.6+2.2
−1.7 days, in an excellent agree-
ment with our result. Like NGC 4593, the small error
in the time lag peak reflects the strongest variation of
the light curve (0.06 mag, excess variability).
NGC 7469 The DCF peaks at 13 days and the
JAVELIN result shows 15.9+0.3
−1.7 days time lag. Con-
flicting time lag measurements are presented in previ-
ous studies, with 4.9+1.7
−1.3 days time lag of Hα emission
line (Peterson et al. 2004), and 10.9+3.5
−1.3 days using Hβ
emission line in a more recent study by Peterson et al.
(2014). We note that the Hα time lag from our anal-
ysis is significantly larger than the values in previous
works (Peterson et al. 2014; Shapovalova et al. 2017).
However, considering that the general trend of the
Hα and Hβ time lag ratio of τ(Hα):τ(Hβ)=1.54:1.00
(Bentz et al. 2010), our result is in agreement with the
Peterson et al. (2014) result. Taking our value and the
mass estimators of Peterson et al. (2014) and Jun et al.
(2015), theMBH estimate from Hα is about 4×10
6 M⊙.
This value agrees well with the most recent Hβ-based
MBH (Peterson et al. 2014). Despite of the small varia-
tion of 0.01 mag (excess variability), the time lag mea-
surement has a small error of ∼12 %, comparable to
the time lag error of NGC 4593 and NGC 6814, both of
which have much larger excess variability of ∼0.06 mag.
This can be attributed to the fact that NGC 7496 is
several times brighter than NGC 4593 and NGC 6814,
and thus has the light curve with higher S/N.
6. DISCUSSION: IMPLICATIONS FOR FUTURE
MEDIUM-BAND RM STUDY
The detailed examination of each target in the pre-
vious section shows that the accuracy of time lag mea-
surement correlates with the amount of variability as
well as S/N, relative cadence, and the number of data
points. Obviously, high S/N measurements allow us to
examine the time variability better by providing high
accuracy photometry. It is easier to catch the variabil-
ity for highly variable sources, so the time lag accuracy
must be improved with the amount of variability. Fi-
nally, the number of data points for a given time lag
matters, as denser sampling of the light curve can help
to understand the overall trend of the variability even
if the photometry accuracy is less than the variability.
Therefore, we suggest that the product of S/N, the ex-
cess variability, and the time lag (tlag) divided by the
average time spacing of the observation (∆t) as a proxy
of the time lag measurement accuracy. In Figure 8, we
show how the time lag uncertainty changes with the
product of the excess variability, the average S/N, and
tlag/∆t. Here, the S/N is the average of the measured
flux divided by the average of the flux errors.
For a medium-band survey with a photometric accu-
racy of 10%, the excess variability of 0.03 mag, and 1
week cadence for an AGN of a 1 year time lag (i.e.,
tlag/∆t = 52), Figure 8 shows that the time lag un-
certainty is about 10%. With this result at hand, we
can expect how powerful the medium-band RM can be
if one uses a dedicated wide-field telescope. For ex-
ample, a wide-field imaging telescope such as KMTNet
(Kim et al. 2016a) can observe 4 deg2 of the sky at once.
If the KMTNet 1.6m telescope is equipped with a suite
of medium-band filters similar to those on SNUCAM-II
(Choi & Im 2017) or SQUEAN (Kim et al. 2016b), we
expect to be able to reach 22 AB mag (10σ) at m675
with an exposure time of 6 minutes. There are about
300 AGNs at i < 22 AB mag (Richards et al. 2006) in
a single KMTNet field of view. An observation with a
set of 8 medium-band filters over 400 - 800 nm (e.g., see
10 Kim et al.
Table 3. Variability and time lag of monitored AGNs.
Name Excess Variability [mag] p-to-p Variability [mag] Reduced χ2 Time Lag [day] Reference
m625 m675 m725 m625 m675 m725 m625 m675 m725 This Study Previous Study
Mrk 1310 0.03 0.04 0.03 0.12 0.16 0.13 7.4 23.1 10.6 1.5+8.2
−3.3 4.5
+0.7
−0.6 2
NGC 4593 0.04 0.06 0.03 0.17 0.22 0.10 141.1 257.6 57.3 3.3+0.4
−0.2 3.2
+5.6
−4.1 1
NGC 4748 0.02 0.01 0.01 0.07 0.06 0.06 11.3 10.3 6.1 11.9+5.3
−2.6 10.8
+3.1
−3.1 2
NGC 6814 0.07 0.08 0.05 0.23 0.28 0.19 191.8 294.3 91.6 9.7+0.4
−0.4 9.6
+2.2
−1.7 2
NGC 7469 0.03 0.02 0.02 0.11 0.07 0.08 289.1 232.4 143.5 15.9+0.3
−1.7 4.6
+1.7
−1.3 1
10.9+3.5
−1.3 (Hβ) 3
References. (1) Peterson et al. 2004; (2) Bentz et al. 2010; (3) Peterson et al. 2014
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Figure 7. Comparison of the time lag results between this
study and previous studies. The calculated correlation co-
efficient of the two time lag measurements is 0.93, meaning
that our results and the previous results agree well with each
other.
Choi & Im 2017) can cover BELs of AGNs at various
redshifts (e.g., Hα at 0 < z < 0.22, Hβ at 0 < z < 0.65,
MgII at 0.43 < z < 1.86, and CIV at 1.6 < z < 4.1),
and would take about one hour to complete multi-band
imaging of a single field. Therefore, over one night of
observation (∼ 10 hrs), a wide-field telescope like KMT-
Net can detect 3000 AGNs in eight medium-bands. If
we perform a multi-year, one week cadence RM cam-
paign with such a facility, medium-band RM mapping
monitoring observation is possible for ∼21,000 AGNs,
a substantial increase in the sample size over previous
RM studies. We expect to be able to study both low
redshift, low luminosity AGNs with short time lags, and
high redshift, high luminosity AGNs with long time lags.
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Figure 8. A plot showing how the time lag uncertainty
decreases with S/N × excess variability × tlag/∆t. The solid
line is the fitting result with a slope of -1.22. This shows
that the time lag uncertainty is inversely proportional to the
S/N, variability, and tlag/∆t.
Since there is a correlation between the AGN luminos-
ity and the time lag, the time lag of 1 week sets the
lower limit on the AGN luminosity for the RM to be
Lbol = 5× 10
43 erg/s. The upper limit on the AGN lu-
minosity will be defined by the length of the monitoring
observation as well as the redshift due to time dilation
effect. If we adopt a 5 year period monitoring, we can
do RM mapping for Lbol = 1.5× 10
48 erg/s at z = 0 or
Lbol = 7 × 10
46 erg/s at z = 4. If we change the moni-
toring period to 15 years, then the Lbol upper limit can
increase. The amount of the AGN variability is anti-
correlated with the Lbol. AGNs with Lbol ∼ 10
47 erg/s
at 1 < z < 2 with ∆t ∼ months to years are known to
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have 0.03 mag variability in g-band (Simm et al. 2016),
so this roughly sets the upper limit of the Lbol of AGNs
for this RM study.
7. SUMMARY
In this paper, we present the RM results of five
AGNs using medium-bands. They are observed over 3-5
months with LSGT, a 0.43m telescope at SSO, and three
medium-bands for tracing continuum and Hα emission
line. All the targets are found to be variable, and the
continuum-BEL time lags are calculated. The results
show that the time lags from medium-band and spec-
troscopy agree well within error, and the time lag mea-
surement is possible to 10% accuracy for objects with
0.03 mag excess variability and S/N=10 for each epoch
measurement. Therefore, medium-band photometry is
effective to study BLR size. This shows a promise for
a dedicated 1 m class, wide-field telescope to perform
RM study of tens of thousands AGNs down to i ∼ 22
mag. Medium-band observations would also open doors
to amateur astronomers or institutions with small tele-
scopes performing unique science of the RM study.
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